We present a calculation of the strong decays of the exotic states Z b (10610) and Z ′ b (10650) using a covariant quark model. We use a molecular-type four-quark current for the coupling of the Z b (10610) and Z ′ b (10650) to the constituent heavy and light quarks.
I Introduction
A few years ago the Belle Collaboration [1] reported on the observation of two charged bottomoniumlike resonances in the mass spectra of π ± Υ(nS) (n = 1, 2, 3) and π ± h b (mP ) (m = 1, 2) in the decays Υ(5S) → Υ(nS)π + π − , h b (mP )π + π − . The measured masses and widths were given by
The existence of these two states was later confirmed by the same collaboration [2, 3] in differing decay channels. In [2] the Belle Collaboration rediscovered the two states in e + e − annihilation into Υ(nS)π + π − (n = 1, 2, 3). It was found that the favored quantum numbers for both Z b states are I G (J P ) = 1 + (1 + ). In the paper [3] the Belle Collaboration reported on the results of an analysis of the three-body processes e + e − → BBπ ± , BB * π ± , and B * B * π ± . It was found that the transitions Z 
The relative decay fractions for the Z b -decays were determined assuming that they are saturated by the Υ(nS)π (n = 1, 2, 3), h b (mP )π (m = 1, 2) and B ( * )B * channels. The theoretical structure assignments for the two hidden-bottom meson resonances proposed immediately after their observation [4] - [24] were based on a molecular [4-7, 9, 11, 16] and a tetra-quark interpretation [12, 13] using the analogy to the corresponding states in the charm sector. In [8] the new resonances were identified as a hadroquarkonium system based on the coupling of light and heavy quarkonia to intermediate open-flavor heavy-light mesons. Subsequently these states have been studied extensively using various assignments within different approaches: chiral quark model [14] , using phenomenological Lagrangians [15, 17, 19] , effective field theory [18, 22] , QCD sum rules [20] , meson exchange model [21] , effective range theory [23] , and holographic QCD [24] .
In Ref. [16] some of us presented a detailed analysis of the strong decays Z + b → Υ(nS)+ π + and Z ′+ b → Υ(nS)+ π + , n = 1, 2, 3) using a phenomenological Lagrangians formulated in terms of hadronic degrees of freedom. The hadronic molecular approach was developed in Refs. [25] and is based on the compositeness condition formulated in [26, 27] . The compositeness condition implies that the renormalization constant of the hadron wave function is set equal to zero or that the hadron is a bound state of its constituents.
In this paper we study the strong decays of the Z b and Z ′ b states using the covariant confined quark model (CCQM) proposed in Refs. [28, 29] . The CCQM has been successfully applied to the description of the properties of the exotic X(3872), Z c (3900), Z(4430), and X(5568) states [28] [29] [30] [31] . The present study complements the analysis performed in Ref. [16] . Both approaches are based on the use of the compositeness condition once formulated in terms of hadronic constituents and then in terms of quark constituents. The four-quark approach gives an opportunity to analyze both tetraquark and molecular configurations of constituents inside exotic states. In Ref. [31] we have shown that the four-quark picture with molecular-type of interpolating currents are favored for the Z c (3900) states. In the case of the Z b (10610) and Z ′ b (10650) states there is strong experimental confirmation that they are four-quark states with a molecular-type configuration. For this reason we will only consider molecular-type four-quark currents for these states in the present paper.
The paper is organized as follows. In Sec. II, we discuss the choice of the interpolating four-quark currents with molecular configuration for the exotic Z b (10610) and Z ′ b (10650) states. We give model independent formulas for the matrix elements and decay rates of the strong two-body decays of these states. In Sec. III we calculate matrix elements and decays rates in the framework of our covariant quark model. In Sec. IV we discuss the numerical results obtained in our approach and compare them with available experimental data. Finally, in Sec. V we summarize our findings.
II Z b (10610) and Z b (10650) as molecular-type four-quark states [4] it was suggested that they have molecular-type binding structures. Their observed quantum numbers are
, so that the neutral isotopic states with I 3 = 0 have the quantum numbers J P C = 1 +− . As a result the allowed interpolating four-quark currents have the form: Table I we show a list of the orbital excitations of the bb states with spin 0 and 1 by analogy with the charmonium excitations as given in Ref. [32] . 
G-parity is a multiplicatively quantum number conserved in strong interactions. Keeping in mind that G(π
ρ is not allowed kinematically. There are therefore only the three allowed decays:
Let us discuss the spin kinematics for the three decays 1
• The decay 1
The momenta and the Lorentz indices of the polarization four-vectors in the decay are labelled according to the transition matrix element
The product of the parities of the two final state mesons is (+1) which matches the parity of the initial state. Thus the two final state mesons must have even relative orbital momenta. In the present case these are L = 0, 2. The spins s 1 and s 2 of the two final state mesons couple to the total spin S = 1. Thus one has the two (LS) amplitudes (L = 0, S = 1) and (L = 2, S = 1). The covariant expansion of the transition matrix is given by
Alternatively one may describe the transition amplitude by the helicity amplitudes H λλ1 . The helicity amplitudes may be expressed as a linear superposition of the invariant amplitudes A and B. One has
Since the particles of the initial and final states are on their mass-shells one has
The magnitudes of the final state three-momentum and energy in the rest frame of the initial particle is given by
2 )/2M , respectively. The rate of the decay 1
The matrix element is described by
In this decay the product of the parities of the two final state mesons is (−1) which does not match the parity of the initial state. Thus the two final state mesons must have odd relative orbital momenta. In the present case this is L = 1. The spins s 1 and s 2 of the two final state mesons couple to the total spin S = 1. Thus one has only one (LS) amplitude with L = 1, S = 1. This implies that there is only one invariant amplitude in this transition. Accordingly there is only one term in the covariant expansion of the matrix given by
where ε q1q2µδ = q 1α q 2 β ε αβµδ . The rate of the decay 1
can be seen to be given by
This decay is suppressed kinematically due to the p-wave suppression factor |q 1 | 2 .
By naive counting the covariant expansion of the matrix element
involves five invariant amplitudes whereas there are only three independent (LS) amplitudes. This can be seen as follows. The product of the parities of the two final state mesons is (+1) which matches the parity of the initial state. Thus the two final state mesons must have even relative orbital momenta. In the present case these are L = 0, 2. The spins s 1 and s 2 of the two final state mesons couple to the total spins S = 0, 1, 2. Thus one has three (LS) amplitudes with L = 0, S = 1, L = 2, S = 1 and L = 2, S = 2. Returning to the covariant form , the naive expansion of the matrix element reads
taking into account the transversality conditions p µ ε µ = 0, q δ 1 ε * δ = 0 and q ρ 2 ε * ρ = 0. However, in four dimensions there are two linear relations between the five covariants which can be calculated using the Schouten identity. In fact, one has
The matrix element can therefore be written as
where
The relation between the helicity amplitudes H λ;λ1λ2 (λ = λ 1 − λ 2 ) and the invariant amplitudes can be calculated to be
The rate of the decay 1
III Two-body decays of Z b (10610) and Z
′ b (10650) in a covariant quark model
The nonlocal renditions of the local four-quark currents written down in Eqs. (3) and (4) are given by
The effective interaction Lagrangians describing the coupling of the Z b and Z ′ b states to its constituent quarks is written in the form
where (21) and (22) are determined by the normalization condition called the compositeness condition (see, Refs. [27] and [33] for details).
where Π H (p 2 ) is the scalar part of the vector-meson mass operator
The Fourier-transforms of the Z b and Z ′ B mass operators are given by
and
and ε µpαβ = p ν ε µναβ . The matrix elements of the two-body decays are given by
The argument η 2 of the Z b and Z ′ b vertex functions is given by 
The argument of Z b -vertex function is given by
The quark masses are specified as
, and the two-body reduced masses aŝ
Finally, we consider the Z ′+ b → B * + +B * 0 decay. This process is described by the invariant matrix element, which is expressed in terms of three relativistic amplitudes B i , (i = 1, 2, 3) as
IV Numerical results
First of all, we would like to note that all adjustable parameters of our model (constituent quark masses, infrared cut-off and size parameters) have been fixed in our previous studies by a global fit to a multitude of experimental data [34] . The only two new parameters are the size parameters of the two exotic Z b (Z ′ b ) states. As a guide to adjust them we take the experimental values of the largest branching fractions presented in Ref. [3] :
By using the central values of these branching rates and total decay widths given in Eq. (2) we find the central values of our size parameters Λ Z b = 3.45 GeV and Λ Z ′ b = 3.00 GeV. Allowing them to vary in the interval
we obtain the values of various decay widths shown in Table II as in the data. As one can see from Table II 
The decays into the h b (1P )π + mode are suppressed by the p-wave suppression factor in the rate expression (11) .
V Summary
By using molecular-type four-quark currents for the recently observed resonances Z b (10610) and Z b (10650), we have calculated their two-body decay rates into a bottomonium state plus a light meson as well as into B-meson pairs.
We have fixed the model size parameters by adjusting the theoretical values of the largest branching fractions of the modes with the B-mesons in the final states to their experimental values.
We found that the modes with Υ(1S)π + and η b ρ + in the final states are suppressed but not as much as the Belle Collaboration reported.
